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和 CS-MPC/DMF 浓溶液中，有少量激发态二聚体生成。 











备用于光电防护的手性滤光片；CS-PC 和 CS-MPC 粉末对安息香和联萘酚的对




















Studies on the Synthesis and Liquid Crystalline Behaviors 
of Aromatic Chitosan Derivatives 
Abstract 
As the second most abundant natural polysaccharide only less than cellulose, 
chitin and cellulose have not only similar chemical structures but also analogical types 
of derivatives with similar chemical structures, properties and functions. Liquid 
crystallinity is one of these common properties. Studies on liquid crystallinity of 
biomacromolecule are propitious to broaden their fields of application and understand 
the essentiality of life phenomena. Systematic studies on liquid crystallinity have been 
done for cellulose derivatives so far. But few works have focused on that of chitin 
derivatives for their complex structures, poor solubility and infusibility. Introduced 
high degree of bulky aryl into chitosan macromolecular chains can produce 
derivatives with simple chemical structure, good solubility (in organic solvent) and 
eximious liquid crystallinity. 
In this dissertation, the synthesis and characterization of several aromatic 
chitosan derivatives have been described. The liquid crystallinity, helical behaviors 
and luminescent properties have also been studied. Finally, the applied possibilities 
have been introduced too. 
 This dissertation consists of six chapters: overview of chitin/chitosan chemical 
modification; synthesis and characterization of aromatic chitosan; studies on lyotropic 
crystalline behaviors of aromatic chitosan; studies on helical behaviors of aromatic 
chitosan; Fluorescence analysis of chitosan arylcarbamates; application possibility of 
aroma-modified chitosan. 
Chapter 1 is the preface of this dissertation. The progresses of chitosan chemical 
modification are overviewed. The definition of liquid crystal, types and research 
methods are briefly introduced. Present research situation of liquid crystal of 
chitin/chitosan and its derivatives are also overviewed. In addition, the research 
objectives of this dissertation are presented. 
















kinds of aromatic chitosan derivatives are described, including chitosan 
phenylcarbamate (CS-PC), chitosan 4-methylphenylcarbamate (CS-MPC), chitosan 
α-naphthyl carbamate (CS-NC), benzoyl chitosan (BzlαCS), phthaloyl chitosan 
(PhthCS) and phenylmethyl chitosan (PheCS). The materials, reagents, instruments 
and methods revolved in this dissertation are reported.  
In chapter 3, studies on liquid crystallinity of aromatic chitosan derivatives are 
discussed. Aromatic chitosan have good solubility in organic solvent and can form 
lyotropic liquid crystalline phases. Differential scanning calorimetry(DSC), polarized 
optical microscope(POM), scanning electronic microscope(SEM), X ray 
diffraction(XRD) and circular dichroism(CD) are used to characterize thermotropic 
liquid crystallinity, texture and types of lyotropic liquid crystal. Critical concentration 
of liquid crystal is a important parameter using to describe the formation difficulty of 
lyotropic liquid crystalline phase. Liquid crystalline system consists of liquid 
crystalline molecular (aromatic chitosan in this research) and solvent. The effects of 
chemical structure of aromatic chitosan (size, spacer group, degree of substitution, 
molecular weight and crystal structure of chitosan) and solvent on critical 
concentration have been discussed. 
In chapter 4, UV-Vis and CD spectrum methods are used to study on helical 
behavior (including molecule configuration, conformation of molecular chains and 
layers of cholesteric liquid crystalline phase) of aromatic chitosan under different 
states (solution, liquid crystal and solid film). When two (or more) strongly absorbing 
chromophores are located nearby in space and constitute a chiral system, their electric 
transition moments interact spatially so that the energy level of the excited states splits 
called coupling or splitting exciton, the result of which is reflected in UV-Vis and CD 
spectra. Using this phenomenon to determinate absolute configuration and 
configuration of organic compounds in solution is called exciton chirality method. In 
this study, CS-PC、CS-MPC、CS-NC、BzlCS and PhthCS can form coupling exciton. 
Exciton chirality method has been used to study on different levels of chirality of 

















In chapter 5, fluorescence analysis has been used to study on luminescent 
behaviors of aromatic chitosan derivatives. Chitosan arylcarbamate: CS-PC、CS-MPC 
and CS-NC are fluorescent macromolecules. Normal dilute solution and reflection 
solid-surface fluorescence analysis have been used to characterize fluorescent 
behaviors of aromatic chitosan in dilute and concentrated solutions (including solid 
powder) respectively. A few excimers have been found to form in concentrated 
solutions of CS-PC/DMF and CS-MPC/DMF.  
Polarization and anisotropy of fluorescence in chitosan aryl carbamate/DMF 
solutions (dilute and concentrated) and solid powder have been measured in this 
chapter too. Polarization and anisotropy of fluorescence tend to increase with 
concentration. Formation of liquid crystalline phase in which molecular is oriented is 
in favor of inceasing anisotropy of fluorescence. But the increase is limited for the 
structure of helical layers in cholesteric liquid crystalline phase. 
Circularly polarized fluorescence (CPF) is a mothod to measure the optical 
activity of electronically excited molecule, and is very sensitive to the formation of 
exciton and excimer. CPF method has been used to determined the chirality of 
chitosan aryl carbamate/DMF dilute solutions, and the formation of coupling exciton 
has been confirmed which is only a hypothesis with normal dilute solution 
fluorescence analysis. 
In chapter 6, applied possibilities of aromatic chitosan have been discussed. 
Perfect banded texture has been found to form in full anisotropic phase of 
aroma-modified chitosan liquid crystalline phase during shearing-relaxation. 
Mechanism of band texture and preparation of liquid crystal alignment film have been 
discussed in this chaper. Film consisted of Liquid crystalline phases of aromatic 
chitosan can be used to made chiral light-filter for its lower absorption and higher 
reflection to UV-Vis (300-600nm) light. Powder of CS-PC and CS-MPC exhibits 
selectively adsorption to enantiomers of benzoin and 2,2’-dihydroxy-1,1’-dinaphthyl. 
Possibility of CS-PC and CS-MPC used as chiral stationary phases to enantioseparate 
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